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W. M. Claypool.
1Required-- a discussion of the metallurgy 
treatment of an ore for gold, silver, 
lead, and copper, having about the 
following composition
PbS.............. 70.00 per cent
CuS............................. 10.50 “ “
Ag.................................0.40 “ “
Au................................. 0.01 “ “
FeS2............................ 5.04 “ “
S i02............................10.00 “ “
H20  & c ....................... ,,4.05 “ “
100.00 %
Products, merchantable lead and copper, 
Refined silver and gold.
2From the composition of the ore, it is 
to be a very difficult ore to roast, moreover 
the advantages gained by roasting would 
be very small.
The precipitation process is the best for this 
ore, since it saves roasting and ensures a 
more perfect composition of the mixture.
The ore is best taken in pieces the size of a 
nut, since if in smaller pieces, it is 
liable to cake and encrust the fuel, thus 
requiring more fluxes and a stronger heat. 
Enough iron should be added to take the
S of the PbS and to bring the FeS2 up to FeS
Very little iron above the required amount 
should be added to this ore, since some 
of the copper sulphide would be decomposed, 
thus contaminating the crude bullion with 
copper.
Sufficient CaO is added to flux the SiC>2, and 
a small amount of iron ore, or iron
3refinery cinders is added to increase the
fusibility of the slag, so as not to cause a 
loss of metal by volatilization from 
having to raise the heat so as to fuse the 
culmination of silica, alumina and iron. 
The treatment of this ore will comprise 
the following steps--
1° Preparation of the ore
2° Production of crude bullion, 
containing the gold and silver, (smelting).
3° Extraction of silver and gold from 
the bullion
4° Refining the lead from which the 
silver and gold has been extracted.
5° Separation of the cupelled Ag and Au
6° Treatment of the copper matte.
Preparation of ore
The ore is brought to nut size by being 
passed through a Blake crusher. It is
4then carried to the charging door of the 
furnace preparatory to charging.
Smelting
In this an improved syphon tap 
water jacket furnace is used.
Condensing chambers are provided, in 
which the fume, dust, &c is collected 
and again added to the smelting mixture. 
A hundred parts of the smelting mixture 
has the following composition
Ore..............................69 parts
Iron.............................. 19 “
Refinery cinders........... 5 “
Lime.........................7 “
From this mixture there results a 
slag corresponding closely to a singulo- 
silicate, which is the best slag that can 
be produced in lead smelting.
The copper matte produced contains the
5the copper and iron as sulphide. The 
matte, being heavier than the slag, is 
found at the bottom of the slag pots, 
and is easily separated from the slag 
by knocking with a hammer.
The approximate composition of the slag is--
SiC>2............................... 41.00 per cent
FeO........................ 38.00 “ “
CaO........................ 21.00 “ “
7Extraction of silver and gold from the lead 
Parke’s process is used in this.
It is conducted as follows- 
At a height of about eight feet from the 
level of the floor the cast iron pots are 
placed in brickwork, each having a separate 
furnace. The largest holds about twelve 
tons, and the other two three tons.
The lead from which the silver and gold 
is to be extracted is put in the larger pot, 
where the necessary zinc is added, usually 
in three successive additions. The manner 
of adding the zinc is as follows -  
A perforated iron vessel is so arranged over 
the pot that it can be raised from and 
lowered into the molten lead at pleasure.
At the top of the vessel are fixed several 
radial arms, and a suitable mechanism 
is arranged for giving a rotary motion 
to the shaft to which they and the perforated
8
vessel are attached. The requisite zinc for 
an addition is put in this vessel, and, 
the crude bullion having been previously 
put in the large kettle and raised almost to 
the boiling temperature, lowered into the 
lead bath. As the zinc begins oozing out 
the perforations, the rotary motion is 
imparted to the apparatus, and the arms 
mix thoroughly the lead and zinc.
When this is done, the box is raised from 
the lead bath, and the fire damped down 
so as to allow the metal to gradually cool. 
During the cooling, if any zinc alloy 
adheres to the sides of the pot as solid rings, 
these are removed by means of a piece of 
wood. Where the surface has cooled more, 
the crusts formed are collected by skimming 
with a perforated ladle. The alloy thus 
obtained is a mixture of lead and 
zinc containing gold and silver.
9This alloy, or mixture, is deposited in one 
of the smaller pots, and a portion of the 
lead mixed with it is separated by liquation. 
The liquated lead collects at the bottom of the 
pot, and the concentrated argentiferous and 
auriferous alloy is skimmed from the 
surface with a perforated ladle.
When one of the smaller pots have been 
filled with skimmings from the larger 
one, it is subjected to liquation, the 
other pot serving to receive the skimmings 
in the mean time.
The lead eliquated in the smaller pots 
from the skimmings of the larger one, is 
added with the next charge of the 
original bullion.
The alloy resulting from the liquation 
in the smaller pots is cleansed from 
the zinc it contains, in order that the 
cupellation may be carried on, by passing
10
steam through it when in a molten 
state, or by distilling off the zinc -- 
The latter method is the one generally 
used. H. Faber du Faur’s tilting retort 
furnace is used. The following is an 
out line of the process -  
The retort is heated until it is dull red. It is 
now charged with the liquated zinc crust, which 
is broken or cut in pieces, or cubes of about 
1 1/2 inches. Ordinarily a charge consists of 
from 250 to 400 lbs of alloy mixed with 
from 3 to 5 lbs. of small charcoal about bean 
size. This fills the retort up to the neck.
The condenser is now put on and the 
temperature raised to a white heat, and left 
so until the distillation is complete.
The operation lasts from 8 to 10 hours 
according to the amount of zinc in the alloy. 
The temperature during this time should 
not be allowed to go down, else a
11
crust might form on the surface of the alloy, 
which upon increasing the temperature would 
cause an explosion. The condition of the 
alloy is ascertained by the insertion of 
an iron rod into the retort now and then.
The metallic zinc collected in the condenser 
is tapped from time to time and scraped, 
together with the blue powder and oxide 
of zinc, into iron vessels so that the air 
may be excluded from them, thus preventing 
further oxidation of the blue powder.
When enough of this is collected, it is 
remelted in a kettle under a covering of 
coal, the oxide skimmed off and the metal 
cast into plates to be used in a subsequent 
desilverization. About 40 or 50% of the zinc 
originally added to the work lead is 
regained in the form of plates, which 
contain only a trace of silver. The blue 
powder, comprising from 10 to 20% of the
12
original zinc, is sold to zinc works.
Thus, 50 to 70% of the original zinc is 
obtained again. When the distillation is 
complete, a small two-wheeled wagon 
carrying a cast-iron pot lined with moulders 
sand, is brought in front of the retort, 
and by tilting the whole furnace, the 
rich lead is transferred to the kettle.
After cooling awhile, the lead is poured in 
moulds. The bars are made thin so as to 
be handier in their gradual addition to 
the English cupelling hearth. The residue 
remaining in the retort after the discharge 
of the rich lead, is scraped out with an 
iron hook while the retort is still 
tilted. Some fine charcoal dust is now thrown 
in the retort, so as to prevent oxidation 
of the small globules of lead, since litharge 
once formed would soon destroy the retort. 
The retort is now turned back to its original
position and a new charge added.
Cupelling Enriched Lead 
The English system is used. The “test” is 
made by filling the test ring with solidly beaten 
bone ash, having with it a small amount of 
pearl ash to give the proper consistency, and then 
scooping out a cavity in which to place the 
lead. At the wider, or front end of the 
elliptically shaped test three holes are bored through 
to allow the fused litharge to escape as fast as 
it is produced on the bath. Only one of these 
holes are used at a time, and, when the 
channel communicating with this one is corroded 
by the litharge, the hole is closed, and a 
channel made to communicate with one 
of the others. When the test has been 
properly heated to redness, a charge of rich 
lead is added. It is usual to first melt 
the lead in a pot at the side of the 
cupel, and then conduct it to the test by
13
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means of a covered spout. When fused litharge 
begins to make its appearance on the surface 
of the bath, the heat, which is situated at the 
back of the test, is turned on. The heat, 
which may be either air or steam, not only 
furnishes the oxygen necessary for oxidation, 
but drives the litharge on the surface of the 
bath to the front of the test, where it 
escapes through the channels prepared. As the 
litharge flows off, additional lead is added 
so as to keep the level of the bath about the 
same. When the lead becomes very highly 
argentiferous and auriferous, it is removed 
so that there may be no great loss by 
volatilization. It is usually removed when 
it contains about 600 ozs per ton of Ag & Au.
It usually takes about five days to so enrich the 
lead that it may be drawn off.
After being drawn off, the silver and gold 
is taken to another cupel to be freed from
the remaining lead. The bullion is now 
run into bars of about 90 lbs. each.
Parting Silver and Gold 
Sulphuric acid is employed. The alloy is 
granulated and placed in cast iron boilers 
into which are thrown 2!4 times its 
weight of strong sulphuric acid, and the whole 
heated to ebullition. Sulphate of silver is formed 
and S 02 evolved = the S 02 is utilized for 
making sulphuric acid. Acid of about 160 
Sp. Grav. is added after a bit, and the whole 
made to boil again. The fire is now drawn 
from beneath the pan, and the liquors diluted 
and allowed to stand, so as to let the finely 
divided gold settle. When this has taken 
place, are drawn off, still hot, into leaden 
evaporators. These are heated by a series of 
steam pipes, until the whole of the sulphate 
of silver which begins to free on cooling is
15
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undissolved, when a further deposit of gold 
is obtained, and the liquor is again 
syphoned into another series of evaporators, 
in which are suspended a number of copper 
bars, by which the silver is precipitated as a 
crystalline powder. In the course of a few 
hours all the silver is precipitated, and the 
metallic deposit washed and compressed in the 
form of rectangular bricks. Then when 
dry, are fused and cast into ingots 
This silver contains from 3 to 5 thousandths 
of copper. The sulphate of copper in the 
liquors is saved. This process may be 
used when silver contains only .0005 of gold.
Refining Gold--
The gold collected from the leaden evaporators 
is washed and fused. The separation of the 
small amount of silver still remaining 
is done by passing chlorine through the
17
molten alloy. Though AgCI is considered as 
somewhat volatile, yet when its surface is 
covered with fused borax it may be 
kept melted at a high temperature and 
undergo a very trifling loss. Black lead is 
unsuitable for melting the gold in, as 
it exerts a reducing action on the 
compounds formed. Then pots are filled 
with a saturated solution of borax in 
water and allowed to stand several hours. 
They are then emptied and set aside to 
dry, when they are ready for use. By this 
means the pores of the crucible are fired 
and the infiltration of the fluid AgCI 
prevented. The chlorine generators are made 
of the best stone ware acid jars.
The Cl is passed in the molten metals 
through a clay tube thrust beneath its 
surface and connected with the generator. 
When enough Cl has passed in dark fumes
18
make their appearance: this is usually 114 
hours from the beginning.
The crucible is now taken from the 
furnace and allowed to stand until 
the gold solidifies. The AgCI, which is still 
liquid, is now poured into iron moulds.
The crucible is now inverted, and the red 
hot gold falling out is scraped and thrown, 
still hot, into a concentrated solution of 
common salt to dissolve any remaining 
AgCI. The gold is now fine, and is simply 
cast into ingots.
The AgCI is reduced by means of nascent 
hydrogen made from zinc and sulphuric acid. 
This silver is then washed and added to 
that taken from the precipitation tube.
19
Extraction of Cu. from Cu. matte 
This process consists of the following steps:
1° Roasting matte
2° Fusion in a blast furnace for
black or pig copper, and a concentrated 
or double matte
3° Treatment of furnace accretions
4° Firing and toughening.
Roasting
The matte is broken up and roasted in piles.
The piles are of convenient length and breadth 
and about five feet high. The ore made by 
covering the floor with charcoal to a depth 
of two inches, and then putting a layer 
of cord wood on this.
Since the rich matte is very fusible, great 
care is necessary to prevent its agglomerating, 
in which case it would have to be picked out, 
broken up and passed through another roasting
20
which is never so completely done in the 
agglomerated manner as in the original matte, 
which is cast in thin pieces so that the 
sulphur may all be driven off.
It takes about five days to burn a pile, 
and the matte is roasted six times 
before it is ready for the furnace.
Fusion for black copper 
A water tuyer black furnace is used.
The furnace must be low, since if very 
high, much iron would be reduced.
The copper is cast in pigs. A concentrated or
double matte forms a thin coating over
the top of the black copper, from which it
is detached by a slight blow. This
matte is broken up and roasted with the
first matte. A small amount of lead will
show itself in the matte. The pigs are
broken with sledges as soon as cool so
as to have them in shape for handling in the next
step. The slags are caught in slag pots.
Treatment of Accretions 
These are saved up and treated for the copper 
they contain. They contain a large amount of 
copper and were formerly thrown away, since 
attempts to treat items with the ordinary 
charge failed. The treatment consists in 
oxidizing and then sweating them in a 
German Hearth. The furnace is heated 
with charcoal, and its salamanders and 
accretions piled up against the tuyer side 
and covered with charcoal and a powerful 
blast turned on. This serves to oxidize the 
iron, and in order to slag it, a little 
quartz is added. The product is a rich 
matte which is treated with the other mattes, 
and a black copper, which is put with the 
other black copper. There is much more 
black copper than there is matte.
The slags are very rich in copper, and are
21
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treated with the matte in the furnaces.
When a charge is exhausted, the matte 
and pig copper are removed and a new 
charge put in.
Refining pig copper
The refining furnace is a reverberatory and 
should hold about 10000 pounds. When the 
furnace is brought to a white heat, the 
hearth is repaired by filling up with sand any 
cavities which may have formed in it.
The sides and bottom are made with an 
even slope towards the sump, which is 
under the flue. When this is done the 
temperature of the furnace is lowered by 
opening all the doors. When it is 
reduced to a red heat, the pig copper is 
charged through the charging door on the 
side and placed so as to heat easily.
The door is then closed and luted, and the 
temperature raised to the boiling point.
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After five or six hours the charge will 
have melted, and the first skimming is 
then made. The charge should be melted 
slowly so as to get the greatest amount 
of oxidation at this stage, so that the 
foreign metals may at once combine 
with the silica. The slags are not 
drawn until they cover the whole bath. 
They are pasty, and are drawn with 
an iron rabble.
The operation of refining after the metal 
is in fusion, consists of three steps -  
firing, refiring and lading.
The firing now commences-- 
The charge is subjected to a very strong 
oxidizing atmosphere in order to slag out 
its impurities . These slags are skimmed 
as soon as they form in sufficient 
quantities, and in the interval the charge is 
rabbled, to make the oxides come to the
24
surface, every 25 or 30 minutes for 
from three to twelve hours, until it 
boils from evolution of sulphur. This 
is owing to the fact that it has been 
impossible to separate all the matte 
from the pig copper before it goes into 
the furnace. It is allowed to boil as 
long as it will, usually about three hours. 
When it ceases to boil there is no more 
sulphur present, and it is now 
rabbled for from three to five hours. 
When all the slags have been removed 
the atmosphere of the furnace is still 
kept oxidizing in order to remove as 
much of the remaining impurities as 
possible. The bath is now rabbled, and 
the most important part of the work, and 
the one requiring most care commences. 
This is the taking of tests -- 
When the tests are all right, the
25
operation of rabbling is continued some 
time to be sure and oxidize any 
remaining impurities.
During the prolongation of the rabbling, 
considerable oxide of copper is formed 
which is dissolved by the copper, giving 
the tests a bright red color. Now, this 
oxide of copper must be separated, since 
small quantities of it make the copper 
useless for commercial purposes.
The oxide of copper is removed by 
poling-- A very green or wet pole is 
put into the copper and held in it, 
supported on a wooden crutch.
All the air holes of the furnace are 
stopped tight, and the poling continued 
until the slag is thick so that it can 
be skimmed off. The copper is now 
covered with charcoal, and a fresh pole 
put in. Samples are now taken from
26
time to time until the test shows the 
proper grain and silky lustre. It is then 
cast into moulds, with iron ladles.
It is essential that the casting be 
done at as low a temperature as 
possible, and that the bath be 
covered with charcoal. Unless a reducing 
atmosphere is kept in the furnace, a 
film of oxide of copper will form over 




Rolla, June 9th, 1884.
